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STRUCTURE AND METHOD FOR IMPROVED 
FIELD EMITTER ARRAYS 

RELATED APPLICATIONS 

[0001] This application is a Divisional of US. application 
Ser. No. 09/695,632 ?led on Oct. 24, 2000, Which is a 
Continuation of US. Application Ser. No. 09/144,207 ?led 
on Sep. 1, 1998, noW issued as US. Pat. No. 6,232,705 on 
May 15, 2001, Which are incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to semicon 
ductor integrated circuits. More particularly, it pertains to a 
structure and method for improved ?eld emitter arrays. 

BACKGROUND OF THE INVENTION 

[0003] Recent years have seen an increased interest in 
?eld emitter displays. This is attributable to the fact that such 
displays can ful?ll the goal of consumer affordable hang 
on-the-Wall ?at panel television displays With diagonals in 
the range of 20 to 60 inches. Certain ?eld emitter displays, 
or ?at panel displays, operate on the same physical principle 
as ?uorescent lamps. A gas discharge generates ultraviolet 
light Which excites a phosphor layer that ?uoresces visible 
light. Other ?eld emitter displays operate on the same 
physical principals as cathode ray tube (CRT) based dis 
plays. Excited electrons are guided to a phosphor target to 
create a display. Silicon based ?eld emitter arrays are one 
source for creating similar displays. 

[0004] Single crystalline structures have been under inves 
tigation for some time. HoWever, large area, TV siZe, 
displays are likely to be expensive and dif?cult to manufac 
ture from single crystal silicon Wafers. Polycrystalline sili 
con, on the other hand, provides a viable substitute to single 
crystal silicon since it can be deposited over large areas on 
glass or other substrates. 

[0005] Polysilicon ?eld emitter devices have been previ 
ously described for ?at panel ?eld emission displays. But 
such ?eld emitters have only been produced according to 
lengthy, conventional, integrated circuit technology, e.g., by 
masking polysilicon and then either etching or oxidation to 
produce cones of polysilicon With points for ?eld emitters. 
The cones of polysilicon can then be utiliZed directly or 
undergo further processing to cover the points With some 
inert metal or loW Work function material. 

[0006] Thus, it is desirable to develop a method and 
structure for large population density arrays of ?eld emitters 
Without compromising the responsiveness and reliability of 
the emitter. Likewise, it is desirable to obtain this result 
through an improved and streamlined manufacturing tech 
mque. 

SUMMARY OF THE INVENTION 

[0007] The above mentioned problems With ?eld emitter 
arrays and other problems are addressed by the present 
invention and Will be understood by reading and studying 
the folloWing speci?cation. A structure and method are 
described Which accord these bene?ts. 

[0008] In particular, an illustrative embodiment of the 
present invention includes a ?eld emitter device on a sub 
strate. The ?eld emitter device includes a cathode formed in 
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a cathode region of the substrate. A gate insulator is formed 
in an insulator region of the substrate. The gate insulator and 
the cathode are formed from a single layer of polysilicon by 
using a self-aligned technique. A gate is formed on the gate 
insulator. Further, an anode opposes the cathode. 

[0009] In another embodiment, a ?eld emitter device on a 
substrate is provided. The device includes a cathode formed 
in a cathode region of the substrate. The cathode consists of 
a polysilicon cone. A porous oxide layer is formed in an 
insulator region of the substrate. The porous oxide layer and 
the polysilicon cone are formed from a single layer of 
polysilicon by using a self-aligned technique. A gate is 
formed on the porous oxide layer. Further, the gate and the 
polysilicon cone are formed using the self-aligned tech 
nique. An anode opposes the cathode. 

[0010] In another embodiment of the present invention, a 
?eld emitter array is provided. The array includes a number 
of cathodes Which are formed in roWs along a substrate. A 
gate insulator is formed along the substrate and surrounds 
the cathodes. The gate insulator material and the cathodes 
are formed from a single layer of polysilicon by using a 
self-aligned technique. Anumber of gate lines are formed on 
the gate insulator. Further, a number of anodes are formed in 
columns orthogonal to and opposing the roWs of cathodes. 

[0011] In another embodiment of the present invention, a 
?at panel display is provided. The ?at panel display includes 
a ?eld emitter array formed on a glass substrate. The ?eld 
emitter array includes a number of cathodes formed in roWs 
along the substrate. The number of cathodes are formed of 
polysilicon cones. A gate insulator is formed along the 
substrate and surrounds the cathodes. The gate insulator 
material and the cathodes are formed from a single layer of 
polysilicon by using a self-aligned technique. A number of 
gate lines formed on the gate insulator. Further the array has 
a number of anodes formed in columns orthogonal to, and 
opposing, the roWs of cathodes. The anodes include multiple 
phosphors, and the intersection of the roWs and columns 
form pixels. Further, the display includes a roW decoder and 
a column decoder each coupled to the ?eld emitter array in 
order to selectively access the pixels. Aprocessor is included 
Which is adapted to receiving input signals and providing the 
input signals to the roW and column decoders in order to 
access the pixels. 

[0012] In another embodiment, a method for forming a 
?eld emitter device on a substrate is provided. The method 
includes forming a polysilicon cone on the substrate. A 
porous oxide layer is formed on the substrate. The method 
includes forming the porous oxide layer and the polysilicon 
cone from a single layer of polysilicon using a self-aligned 
technique. A gate layer is formed on the porous oxide layer. 
Further, the polysilicon cone is isolated from the gate. And, 
an anode is formed opposite the cathode. 

[0013] Thus, an improved method and structure are pro 
vided for simultaneously fabricating polysilicon cones for a 
?eld emitter and a porous insulating oxide layer for sup 
porting a gate material. The porous insulating oxide is 
fabricated by ?rst making the polysilicon porous in the ?eld 
regions by an anodic etch and then oxidation. This is a fully 
self-aligned process and only one masking is used. Shaping 
of the gate material in close proximity to the top of the cone 
is achieved by a lift-off technique and requires no special 
deposition techniques like depositions at a graZing incidence 
to improve the emitter shape. 
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[0014] These and other embodiments, aspects, advan 
tages, and features of the present invention Will be set forth 
in part in the description Which follows, and in part Will 
become apparent to those skilled in the art by reference to 
the folloWing description of the invention and referenced 
draWings or by practice of the invention. The aspects, 
advantages, and features of the invention are realiZed and 
attained by means of the instrumentalities, procedures, and 
combinations particularly pointed out in the appended 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a planar vieW of an embodiment of a 
portion of an array of polysilicon ?eld emitters according to 
the teachings of the present invention. 

[0016] FIGS. 2A-2G illustrate an embodiment of a process 
of fabrication of a ?eld emitter device according to the 
teachings of the present invention. 

[0017] FIGS. 3A-3F illustrate another embodiment of a 
process of fabrication of a ?eld emitter device according to 
the teachings of the present invention. 

[0018] FIG. 4 is a block diagram Which illustrates an 
embodiment of a ?at panel display system according to the 
teachings of the present invention. 

DETAILED DESCRIPTION 

[0019] In the folloWing detailed description of the inven 
tion, reference is made to the accompanying draWings Which 
form a part hereof, and in Which is shoWn, by Way of 
illustration, speci?c embodiments in Which the invention 
may be practiced. In the draWings, like numerals describe 
substantially similar components throughout the several 
vieWs. These embodiments are described in sufficient detail 
to enable those skilled in the art to practice the invention. 
Other embodiments may be utiliZed and structural, logical, 
and electrical changes may be made Without departing from 
the scope of the present invention. 

[0020] The terms Wafer and substrate used in the folloW 
ing description include any structure having an exposed 
surface With Which to form the integrated circuit (IC) 
structure of the invention. The term substrate is understood 
to include semiconductor Wafers. The term substrate is also 
used to refer to semiconductor structures during processing, 
and may include other layers that have been fabricated 
thereupon. Both Wafer and substrate include doped and 
undoped semiconductors, epitaxial semiconductor layers 
supported by a base semiconductor or insulator, as Well as 
other semiconductor structures Well knoWn to one skilled in 
the art. The term conductor is understood to include semi 
conductors, and the term insulator is de?ned to include any 
material that is less electrically conductive than the materials 
referred to as conductors. The folloWing detailed description 
is, therefore, not to be taken in a limiting sense, and the 
scope of the present invention is de?ned only by the 
appended claims, along With the full scope of equivalents to 
Which such claims are entitled. 

[0021] The term “horizontal” as used in this application is 
de?ned as a plane parallel to the conventional plane or 
surface of a Wafer or substrate, regardless of the orientation 
of the Wafer or substrate. The term “vertical” refers to a 
direction perpendicular to the horiZonal as de?ned above. 
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Prepositions, such as “on”, “side” (as in “sideWall”), 
“higher”, “loWer”, “over” and “under” are de?ned With 
respect to the conventional plane or surface being on the top 
surface of the Wafer or substrate, regardless of the orienta 
tion of the Wafer or substrate. 

[0022] FIG. 1 is a planar vieW of an embodiment of a 
portion of an array of ?eld emitter devices, 50A, 50B, 
50C, . . . 50D, and constructed according to the teachings of 
the present invention. The ?eld emitter array 50 includes a 
number of cathodes, 1011, 1012, 1013, . . . 125n formed in 
roWs along a substrate 100. A gate insulator 103 is formed 
along the substrate 100 and surrounds the cathodes. A 
number of gate lines are on the gate insulator. A number of 
anodes, 1271, 1272, 1273, . . . 127n are formed in columns 
orthogonal to and opposing the roWs of cathodes. The 
anodes include multiple phosphors. And, the intersection of 
the roWs and columns form pixels. 

[0023] Each ?eld emitter device in the array, 50A, 
50B, . . . , 50N, is constructed in a similar manner. Thus, only 

one ?eld emitter device 50N, is described herein in detail. 
All of the ?eld emitter devices are formed along the surface 
of a substrate 100. In one embodiment, the substrate 
includes a doped silicon substrate 100. In an alternate 
embodiment, the substrate is a glass substrate 100, including 
silicon dioxide (SiO2). Field emitter device 5ON includes a 
cathode 101 formed in a cathode region 125 of the substrate 
100. The cathode 101 includes a polysilicon cone 101. In 
one exemplary embodiment, the polysilicon cone 101 
includes a metal silicide 118 on the polysilicon cone 101. 
The metal silicide can include any one from a number of 

refractory metals, e.g. molybdenum (Mo), tungsten (W), or 
titanium (Ti), Which has been deposited on the polysilicon 
cone 101, such as by chemical vapor deposition (CVD), and 
then undergone a rapid thermal anneal (RTA) to form the 
silicide. A gate insulator 103 is formed in an isolator region 
112 of the substrate 100. The gate insulator 103 is a porous 
oxide layer 103. And, the polysilicon cone 101 and the 
porous oxide layer 103 have been formed from a single layer 
of polysilicon using a self-aligned technique. The porous 
oxide layer 103 results from performing an anodic etch on 
the polysilicon layer to ?rst form a porous polysilicon layer. 
Next the porous polysilicon is oxidiZed to form the ?nished 
porous oxide layer 103. As Will be explained beloW, the 
polysilicon cone 101 and the porous oxide layer 103 are 
fabricated simultaneously. 

[0024] A gate 116 is formed on the gate insulator 103. In 
one embodiment, the gate 116 is formed of molybdenum 
(Mo). In an alternate embodiment, the gate 116 is formed of 
other suitable conductor, e.g. tungsten (W), or titanium (Ti). 
The gate 116 and the polysilicon cone 101 are formed using 
a self-aligned technique Which is discussed beloW in con 
nection With fabricating a ?eld emitter device. An anode 127 
opposes the cathode 102. 

[0025] FIGS. 2A-2G illustrate an embodiment of a process 
of fabrication for a ?eld emitter device according to the 
teachings of the present invention. FIG. 2A illustrates the 
structure folloWing the ?rst series of processing steps. A 
polysilicon layer 201 is deposited over a large area substrate 
200. In one embodiment, the substrate includes a doped 
silicon layer. In an alternative embodiment, the substrate 
includes an insulator layer, e.g., silicon dioxide (SiO2). The 
polysilicon layer 201 may be deposited using any suitable 
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technique such as, for example, chemical vapor deposition 
(CVD). The polysilicon layer 201 is deposited to a thickness 
of approximately 1.0 micrometers The polysilicon 
layer 201 is then oxidiZed using a plasma assisted process, 
such as CVD, to form a thin oxide layer 204. The thin oxide 
layer 204 has a thickness of approximately 10 to 50 nanom 
eters A thick silicon nitride (Si3N4) layer 206 is 
deposited on the oxide layer 204 using any suitable process. 
Again, one suitable technique includes CVD. The nitride 
layer 206 is deposited to a thickness of approximately 1.0 
pm. Athick oxide layer 208 is deposited on the nitride layer 
206. The oxide layer 208 is deposited using a CVD process. 
A photoresist is applied and exposed to de?ne a mask 210 
over a cathode region 225 of the substrate 200. The structure 
is noW as appears in FIG. 2A. 

[0026] FIG. 2B illustrates the structure after the next 
sequence of fabrication steps. The composite oxide-nitride 
oxide (ONO) is then etched using any suitable technique 
such as, for example, reactive ion etching (RIE). This 
etching process produces a mask 210 With a diameter of 
approximately 1.0 pm. The mask 210 covers a cathode 
region 225 of the substrate 200 for the ?eld emitter device. 
With mask 210 in place, an anodic etch is performed on the 
polysilicon layer 201 to produce porous polysilicon 202. The 
anodic etch may be formed using, for example, the tech 
niques shoWn and described With respect to FIGS. 1-5 of 
co-pending application Ser. No. 08/948,372, entitled “Meth 
ods of Forming An Insulating Material Proximate A Sub 
strate, and Methods of Forming An Insulating Material 
BetWeen Components of An Integrated Circuit,” ?led on 
Oct. 9, 1997. The anodic etch is carried out in a hydro?uoric 
acid In one exemplary embodiment, the etching pro 
cess is performed until more than 50% of the polysilicon is 
removed. In another embodiment, the etching process is 
performed until only approximately 25% of the polysilicon 
remains. The oxide masking layer 208 is also removed by 
the etch. The structure is noW as it appears in FIG. 2B. As 
can be seen in FIG. 2B, the anodic etch does not form 
porous polysilicon 202 everyWhere throughout the polysili 
con layer 201. Instead, polysilicon cones 201 remain in the 
cathode region 225 of the substrate 200 protected by the 
mask 210. 

[0027] FIG. 2C illustrates the structure folloWing the next 
series of fabrication steps. The porous polysilicon 202 is 
oxidiZed to produce a porous oxide layer 203. This oxidation 
process may be performed using, for example, the tech 
niques shoWn and described With respect to FIGS. 1-5 of 
co-pending application Ser. No. 08/948,372, entitled “Meth 
ods of Forming An Insulating Material Proximate A Sub 
strate, and Methods of Forming An Insulating Material 
BetWeen Components of An Integrated Circuit,” ?led on 
Oct. 9, 1997. According to one embodiment prescribed in 
the co-pending application, the porous oxide layer 203 is 
produced by thermal oxidation of the porous polysilicon 
202. In an alternative embodiment, a plasma assisted oxi 
dation process, e.g., CVD, is used to form the porous oxide 
layer 203 from the porous polysilicon 202. This oxidation of 
the porous polysilicon 202 occurs rapidly and produces no 
signi?cant volume increase. As Will be understood by one of 
ordinary skill in the art, the oxide consumes the remaining 
polysilicon and partially ?lls the voids. Only the polysilicon 
cones 201, protected by the mask 210, remain un-oxidiZed 
in the cathode region 225 of the substrate 200. Thus, forming 
the polysilicon cone 201, or cathode 201, and the porous 
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oxide layer 203 out of a single polysilicon layer 201 is 
achieved using one self-aligned process. The structure is 
noW as it appears in FIG. 2C. 

[0028] FIG. 2D illustrates the structure folloWing the next 
sequence of processing steps. The nitride layer 206 is etched 
to reduce the thickness and siZe of the mask 210 from 
approximately 1 pm in diameter to approximately 0.5 pm in 
diameter. This etching process is carried out to reduce the 
thickness and siZe of the mask 210 to approximately one half 
of its previous siZe. The structure noW appears as in FIG. 
2D. 

[0029] After the next sequence of processing steps, the 
structure appears as FIG. 2E. A gate material 216 is depos 
ited over the nitride layer 206 and the porous oxide 203 
using any suitable technique such as, for example, CVD. 
The gate material 216 is deposited to a thickness of approxi 
mately 0.25 pm. In one embodiment, the gate material 216 
includes Molybdenum (Mo). In an alternate embodiment, 
the gate material 216 includes any suitable loW Work func 
tion material, eg other refractory metals. The structure is 
noW as appears in FIG. 2E. 

[0030] FIG. 2F illustrates the structure after the folloWing 
sequence of fabrication steps. The remaining nitride layer 
206 is removed using a RIE process. The removal of the 
nitride layer 206 provides a lift-off of the gate material 216 
in the cathode region 225 and exposes the polysilicon cone 
201. One of ordinary skill in the art of semiconductor 
processing Will understand this lift-off technique. Next, 
using the gate material 216 as a mask for the oxide layer 204 
and the porous oxide 203 are then etched aWay from the 
polysilicon cone 201. The etch is performed using any 
suitable technique such as, for example, RIE. This previous 
step leaves the polysilicon cone 201, or cathode 201, sepa 
rated from the gate 216. The polysilicon cone is located in 
a cathode region 225 of the substrate 200, and the gate 216 
and porous oxide layer 203 are located in an isolation region 
of the substrate 212. Hence, forming the polysilicon cone 
201 and the gate 216 is similarly accomplished using a 
single self-aligned masking step. The structure is noW as 
appears in FIG. 2F. 

[0031] FIG. 2G illustrates a ?nal optional processing step 
in the sequence of processing steps. FIG. 2G illustrates that 
a tip material 218 may be deposited on the polysilicon cone 
201. In one exemplary embodiment, Molybdenum (M0) is 
deposited, such as by CVD, on the polysilicon cone 201. The 
tip material is deposited at an incidence angle of approxi 
mately 45° as indicated by arroWs 230. In another embodi 
ment, any other suitable loW Work function or hard coating, 
e.g., diamond-like carbon, silicon carbide compounds, eg 
silicon oxycarbide, is deposited. The gate 216 de?nes an 
aperture 227 surrounding the polysilicon cone 201. 

[0032] FIGS. 3A-3F illustrate an alternative embodiment 
of a process of fabrication for a ?eld emitter device accord 
ing to the teachings of the present invention. FIG. 3A 
illustrates the structure folloWing the ?rst series of process 
ing steps. A polysilicon layer 301 is deposited over a large 
area substrate. The polysilicon layer 301 may be deposited 
using any suitable technique such as, for example, chemical 
vapor deposition (CVD). The polysilicon layer 301 is depos 

ited to a thickness of approximately 1.0 micrometers The polysilicon layer 301 is then oxidiZed using a plasma 

assisted process, such as CVD, to form an oxide layer 304. 
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A silicon nitride (Si3N4) layer 306 is deposited on the oxide 
layer 304 using any suitable process. Again, one suitable 
technique includes CVD. A photoresist is applied and 
exposed to form a mask. The composite nitride-oxide (NO) 
is then etched using any suitable technique such as, for 
example, reactive ion etching (RIE). This etching process 
produces a structure 309 Which re?ects the ?nal pattern for 
a gate layer. The photoresist is then removed using conven 
tional photoresist stripping techniques. The structure is noW 
as appears in FIG. 3A. 

[0033] FIG. 3B illustrates the structure after the next 
sequence of fabrication steps. A second nitride layer 308 is 
deposited over nitride layer 306 of the structure 309 and the 
polysilicon layer 301. The second nitride layer 308 is 
deposited using a CVD process. 

[0034] The composite nitride-nitride-oxide (NNO) is then 
directionally etched using any suitable technique such as, for 
example, reactive ion etching (RIE). This etching process 
leaves the second nitride layer 308 only on the sideWalls of 
the structure 309, but leaves enough Width to continue to 
cover the region Which is mask 310. The mask region 310 
has a diameter of approximately 1.0 pm and covers a 
cathode region 325 on the substrate 300. The cathode region 
325 is Where the polysilicon ?eld emitter structures are to be 
formed. With mask 310 in place, an anodic etch is performed 
to produce porous polysilicon 302. The anodic etch may be 
formed using, for example, the techniques shoWn and 
described With respect to FIGS. 1-5 of co-pending applica 
tion Ser. No. 08/948,372, entitled “Methods of Forming An 
Insulating Material Proximate A Substrate, and Methods of 
Forming An Insulating Material BetWeen Components of An 
Integrated Circuit,” ?led on Oct. 9, 1997. The anodic etch is 
carried out in a hydro?uoric acid In one exemplary 
embodiment, the etching process is performed until more 
than 50% of the polysilicon is removed. In another embodi 
ment, the etching process is performed until only approxi 
mately 25% of the polysilicon remains. The structure is noW 
as it appears in FIG. 3B. As can be seen in FIG. 3B, the 
anodic etch does not form porous polysilicon 302 every 
Where throughout the polysilicon layer 301. Instead, poly 
silicon cones 301 remain in the cathode region of the 
substrate 300 protected by the mask 310. 

[0035] FIG. 3C illustrates the structure folloWing the next 
series of fabrication steps. The porous polysilicon 302 is 
oxidiZed to produce a porous oxide layer 303. This oxidation 
process may be performed using, for example, the tech 
niques shoWn and described With respect to FIGS. 1-5 of 
co-pending application Ser. No. 08/948,372, entitled “Meth 
ods of Forming An Insulating Material Proximate A Sub 
strate, and Methods of Forming An Insulating Material 
BetWeen Components of An Integrated Circuit,” ?led on 
Oct. 9, 1997. According to one embodiment prescribed in 
the co-pending application, the porous oxide layer 303 is 
produced by thermal oxidation of the porous polysilicon 
302. In an alternative embodiment, a plasma assisted oxi 
dation process, e.g., CVD, is used to form the porous oxide 
layer 303 from the porous polysilicon 302. This oxidation of 
the porous polysilicon 302 occurs rapidly and produces no 
signi?cant volume increase. As Will be understood by one of 
ordinary skill in the art, the oxide consumes the remaining 
polysilicon and partially ?lls the voids. Only the polysilicon 
cones 301, protected by the mask 310, remain un-oxidiZed 
in the cathode region of the substrate 300. Hence, forming 
the polysilicon cone 301, or cathode 301, and the porous 
oxide layer 303 out of a single polysilicon layer 301 is 
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achieved using one self-aligned process. The structure is 
noW as it appears in FIG. 3C. 

[0036] FIG. 3D illustrates the structure folloWing the next 
sequence of processing steps. The nitride layers, 308 and 
306 respectively, are removed from the top of the oxide layer 
304 of the structure 309. The nitride layers, 308 and 306 
respectively may be removed using any suitable etching 
technique such as, for example, RIE. A gate material 316 is 
deposited over the oxide layer 304 and the porous oxide 303 
using any suitable technique such as, for example, CVD. 
The gate material 316 is deposited to a thickness of approxi 
mately 0.25 pm. In one embodiment, the gate material 316 
includes Molybdenum (Mo). In an alternate embodiment, 
the gate material 316 includes any suitable loW Work func 
tion material, eg other refractory metals. The structure is 
noW as appears in FIG. 3D. 

[0037] The remainder of the fabrication process then pro 
ceeds to completion according to the fabrication steps 
recited in connection With FIGS. 2F and 2G described 
above. The remaining oxide layer 306 is removed using a 
RIE process. The removal of the oxide layer 304 provides a 
lift-off of the gate material 316 in the cathode region 325 and 
exposes the polysilicon cone 301 as illustrated in FIG. 3E. 
One of ordinary skill in the art of semiconductor processing 
Will understand this lift-off technique. Next, using the gate 
material 316 as a mask the porous oxide 303 is then etched 
aWay from the polysilicon cone 301. The etch is performed 
using any suitable technique such as, for example, RIE. This 
previous step leaves the polysilicon cone 301, or cathode 
301, separated from the gate 316. The polysilicon cone is 
located in a cathode region 325 of the substrate 300, and the 
gate 316 and porous oxide layer 303 are located in an 
isolation region 312 of the substrate 300. Hence, forming the 
polysilicon cone 301 and the gate 316 is similarly accom 
plished using a single self-aligned masking step. The struc 
ture is noW as appears in FIG. 3E. 

[0038] FIG. 3F illustrates a ?nal optional processing step 
in the sequence of processing steps. FIG. 3F illustrates that 
a tip material 318 may be deposited on the polysilicon cone 
301. In one exemplary embodiment, Molybdenum (M0) is 
deposited, such as by CVD, on the polysilicon cone 301. The 
tip material is deposited at an incidence angle of approxi 
mately 45° as indicated by arroWs 330. In another embodi 
ment, any other suitable loW Work function or hard coating, 
e.g., diamond-like carbon, silicon carbide compounds, eg 
silicon oxycarbide, is deposited. The gate 316 de?nes an 
aperture 327 surrounding the polysilicon cone 301. In sum, 
the alternative fabrication method illustrated in FIGS. 3A-3F 
does not rely on reducing the thickness and dimensions of a 
gate pattern structure as performed in connection With FIG. 
2D. 

[0039] FIG. 4 is a block diagram Which illustrates an 
embodiment of a ?at panel display system 400 according to 
the teachings of the present invention. A ?at panel display 
includes a ?eld emitter array 404 formed on a glass sub 
strate. The ?eld emitter array system the ?eld emitter array 
described and presented above in connection With FIG. 1. A 
roW decoder 406 and a column decoder 408 each couple to 
the ?eld emitter array 404 in order to selectively access the 
array. Further, a processor 410 is included Which is adapted 
to receiving input signals and providing the input signals to 
address the roW and column decoders, 406 and 408 respec 
tively. 

Conclusion 

[0040] Thus, an improved method and structure are pro 
vided for simultaneous fabricating polysilicon cones for a 
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?eld emitter and a porous insulating oxide layer for sup 
porting a gate material. The porous insulating oxide is 
fabricated by ?rst making the polysilicon porous in the ?eld 
regions by an anodic etch and then oxidation. This is a fully 
self-aligned process and only one masking is used. Shaping 
of the gate material in close proximity to the top of the cone 
is achieved by a lift-off technique and requires no special 
deposition techniques like depositions at a graZing incidence 
to improve the emitter. 

[0041] Although speci?c embodiments have been illus 
trated and described herein, it Will be appreciated by those 
of ordinary skill in the art that any arrangement Which is 
calculated to achieve the same purpose may be substituted 
for the speci?c embodiment shoWn. This application is 
intended to cover any adaptations or variations of the present 
invention. It is to be understood that the above description 
is intended to be illustrative, and not restrictive. Combina 
tions of the above embodiments, and other embodiments 
Will be apparent to those of skill in the art upon revieWing 
the above description. The scope of the invention includes 
any other applications in Which the above structures and 
fabrication methods are used. The scope of the invention 
should be determined With reference to the appended claims, 
along With the full scope of equivalents to Which such claims 
are entitled. 

What is claimed is: 
1. A method for forming a ?eld emitter device on a 

substrate, comprising: 
forming a polysilicon cone on the substrate; 

forming a porous oxide layer on the substrate, Wherein the 
porous oxide layer and the polysilicon cone are formed 
from a single layer of polysilicon; 

forming a gate layer on the porous oxide layer; 

isolating the polysilicon cone from the gate; and 

forming an anode opposing the polysilicon cone. 
2. The method of claim 1, Wherein forming the ?eld 

emitter device on a substrate includes forming the device on 
a silicon dioxide (SiO2) substrate. 

3. The method of claim 1, Wherein forming the polysilicon 
cone and the porous oxide layer from a single layer of 
polysilicon includes masking a cathode region on the sub 
strate. 

4. The method of claim 3, Wherein masking the cathode 
region includes: 

forming a oxide-nitride-oxide (ONO) mask over the cath 
ode region; 

forming the porous oxide layer; 

removing the top oxide from the ONO mask; 

etching the nitride to reduce the Width of the mask; and 

forming the gate layer on the porous oxide and the mask. 
5. The method of claim 3, Wherein masking the cathode 

region includes: 

forming an oxide layer over the cathode region; 

forming a ?rst nitride layer over the oxide layer in order 
to form a structure Which re?ects the ?nal pattern of the 
gate layer; 

forming a second nitride layer over the ?rst nitride layer 
and the single polysilicon layer; 
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etching the second nitride layer, leaving the second nitride 
layer only on the sideWalls of the structure; and 

forming the porous oxide layer; 

removing the ?rst and second nitride layers; and 

forming the gate layer on the porous oxide and the oxide 
layer. 

6. The method of claim 5, Wherein forming the porous 
oxide layer includes: 

performing an anodic etch on the single polysilicon layer 
in an insulator region of the substrate to form porous 
polysilicon; and 

oxidiZing the porous polysilicon. 
7. The method of claim 1, Wherein forming a polysilicon 

cone includes forming a metal silicide on the polysilicon 
cone. 

8. The method of claim 7, Wherein forming a metal 
silicide on the polysilicon cone includes using a electron 
beam to deposit molybdenum (Mo) on the polysilicon cone. 

9. The method of claim 1, Wherein forming a gate on the 
porous oxide layer includes forming a refractory metal gate. 

10. The method of claim 1, Wherein isolating the poly 
silicon cone from the gate includes: 

shaping the gate material in close proximity to a top 
surface of the polysilicon cone using a lift-off tech 
nique; and 

removing the porous oxide layer adjacent to the polysili 
con cone. 

11. The method of claim 1, Wherein forming the porous 
oxide layer includes: 

performing an anodic etch on the single polysilicon layer 
in an insulator region of the substrate to form porous 
polysilicon; and 

oxidiZing the porous polysilicon. 
12. A ?eld emitter device on a substrate, comprising: 

a cathode formed in a cathode region of the substrate; 

a gate insulator formed in an insulator region of the 
substrate; 

a gate formed on the gate insulator; and 

an anode opposing the cathode, the ?eld emitter device 
formed by a method comprising: 

forming a polysilicon cone on the substrate; 

forming a porous oxide layer on the substrate, Wherein 
the porous oxide layer and the polysilicon cone are 
formed from a single layer of polysilicon; 

forming a gate layer on the porous oxide layer; 

isolating the polysilicon cone from the gate; and 

forming an anode opposing the cathode. 
13. The ?eld emitter device of claim 12, Wherein forming 

the polysilicon cone and the porous oxide layer from a single 
layer of polysilicon includes masking a cathode region on 
the substrate. 

14. The ?eld emitter device of claim 13, Wherein masking 
the cathode region includes: 

forming a oxide-nitride-oxide (ONO) mask over the cath 
ode region; 

forming the porous oxide layer; 
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removing the top oxide from the ONO mask; 

etching the nitride to reduce the Width of the mask; and 

forming the gate layer on the porous oxide and the mask. 
15. The ?eld emitter device of claim 12, Wherein masking 

the cathode region includes: 

forming an oxide layer over the cathode region; 

forming a ?rst nitride layer over the oxide layer in order 
to form a structure Which re?ects the ?nal pattern of the 
gate layer; 

forming a second nitride layer over the ?rst nitride layer 
and the single polysilicon layer; 

etching the second nitride layer, leaving the second nitride 
layer only on the sideWalls of the structure; and 

forming the porous oxide layer; 

removing the ?rst and second nitride layers; and 

forming the gate layer on the porous oxide and the oxide 
layer. 

16. A method for forming a ?eld emitter device on a 
substrate, comprising: 

forming a cathode on the substrate; 

forming a gate insulator layer on the substrate, Wherein 
the gate insulator layer and the cathode are formed 
from a single layer of polysilicon; 

forming a gate layer on the gate insulator layer; 

isolating the cathode from the gate; and 

forming an anode opposing the cathode. 
17. The method of claim 16, Wherein forming the ?eld 

emitter device on a substrate includes forming the device on 
a silicon dioxide (SiO2) substrate. 

18. The method of claim 16, Wherein forming a polysili 
con cone includes forming a metal silicide on the polysilicon 
cone. 

19. The method of claim 16, Wherein forming a gate on 
the porous oxide layer includes forming a refractory metal 
gate. 

20. A method of forming a ?eld emitter array on a 
substrate, comprising: 

forming a number of cathodes on the substrate; 

forming a gate insulator layer on the substrate, Wherein 
the gate insulator layer and the number of cathodes are 
formed from a single layer of polysilicon; 

forming a gate layer on the gate insulator layer; 

isolating the number of cathodes from the gate; and 

forming a number of anodes opposing the number of 
cathodes. 

21. The method of claim 20, Wherein forming the ?eld 
emitter array on a substrate includes forming the array on a 
silicon dioxide (SiO2) substrate. 

22. The method of claim 20, Wherein forming the gate 
insulator layer includes forming a porous oxide layer. 

23. A method of forming a ?at panel display, comprising: 

forming a ?eld emitter array on a substrate, including: 

forming a number of cathodes on the substrate; 

forming a gate insulator layer on the substrate, Wherein 
the gate insulator layer and the number of cathodes 
are formed from a single layer of polysilicon; 
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forming a gate layer on the gate insulator layer; 

isolating the number of cathodes from the gate; 

forming a number of anodes opposing the number of 
cathodes; coupling a roW decoder and a column 
decoder to the ?eld emitter array; and coupling a 
processor to the roW and column decoders. 

24. The method of claim 23, Wherein forming the ?eld 
emitter array on a substrate includes forming the array on a 
silicon dioxide (SiO2) substrate. 

25. The method of claim 23, Wherein forming a number 
of cathodes on the substrate includes forming a number of 
polysilicon cones on the substrate. 

26. A method for forming a ?eld emitter array on a 
substrate, comprising: 

forming a number of polysilicon cones on the substrate; 

forming a porous oxide layer on the substrate, Wherein the 
porous oxide layer and the number of polysilicon cones 
are formed from a single layer of polysilicon; 

forming a gate layer on the porous oxide layer; 

isolating the number of polysilicon cones from the gate; 
and 

forming a number of anodes opposing the number of 
polysilicon cones. 

27. The method of claim 26, Wherein forming the porous 
oxide layer includes: 

performing an anodic etch on the single polysilicon layer 
in an insulator region of the substrate to form porous 
polysilicon; and 

oxidiZing the porous polysilicon. 
28. The method of claim 26, Wherein forming a polysili 

con cone includes forming a metal silicide on the polysilicon 
cone. 

29. A method of forming a ?at panel display, comprising: 

forming a ?eld emitter array on a substrate, including: 

forming a number of polysilicon cones on the substrate; 

forming a porous oxide layer on the substrate, Wherein 
the porous oxide layer and the number of polysilicon 
cones are formed from a single layer of polysilicon; 

forming a gate layer on the porous oxide layer; 

isolating the number of polysilicon cones from the gate; 

forming a number of anodes opposing the number of 
polysilicon cones; 

coupling a roW decoder and a column decoder to the 
?eld emitter array; and 

coupling a processor to the roW and column decoders. 
30. The method of claim 29, Wherein forming the porous 

oxide layer includes: 

performing an anodic etch on the single polysilicon layer 
in an insulator region of the substrate to form porous 
polysilicon; and 

oxidiZing the porous polysilicon. 
31. The method of claim 29, Wherein forming a gate on 

the porous oxide layer includes forming a refractory metal 
gate. 


